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ROBERT, B.. ROBERT AND A! M. ROBERT 



No. 



Method used to remove foreign proteins and 
.polysaccharides 



Reference 



2 
3 



■ ; S. 
>© 

•7' 
8 



1fj^ n ^ xtractio11 wi * '6-1 N NeOH atw about 

Repeated autqclaving in water at 15 lbs/in 2 
Extrac^on.wiA 88 per cent formic acid 
Extraction with mild acids (acetic acid 1 per cent) 
or autpcl^ymg in 1 per cent acetic acid 
Extraction with trypsin snd collagenase 
E^c^on.with.S M guanidine and dithiothreitol 
•tollowed by treatment with collagenase 
Extraction with 70 per cent trichloracetic acid 
at +. 4° 

Serial extractions with 10 per' cent CaCh, 2 7 to 
5 per cent TGA at 90* and 8 M urea and 01 M 
mercaptoetharibl (see Fig. 1) 



Lowry et aL 1947 
jLansing 1952 
Banga 1952 
Partridge et aL 1955 
Ayer et aJ. 1958 
Hall 1955 

Hospelhorh, Fitzpatrick 1961 
Ross and Bomstein 1969 

Robert et aL 1970a 

Robert et aL 1965^1970 



suggested: *e fpll<mjig picture for the alkaline de^datiS of d^ EI^?l 

S^T. 1 ^^^ eVide ° < * «h« .P^ence of some cSfo^L^al ^der 
suchas .-hehces rn the structure of soluble alpha elastin, as weD as in fibrous Stir? h 

? the ternary and quaternary structure of the elastin network would be 
moAficd accordmg to the nature and the amount of solvent used. This effeTof the 

> Figure 2 shows in a hematic way the effect of organic solvents on elastin structure 
T^; ^ - ^ ^ "** is visualized a,; composed of two types^sS 

f J-- 6 *^"? "^"Pe"*" fiber, shown ii^h^-hce^o^ci^^La 
U„W^ "T' .^ V ^ ga M leSS SphericaI ^"Aioo.. these proehstin unte are 

cross-links origmating.from the condensation of a-aSno 
•te^«*J^*?ft -W»f (P^dge, -138^ The overall st^ctur! 7Zl 



BNSDOCID: <XP 981937A_I_> 



MOI.ECrU.An BIOX.OGV OF BLASTIN'' AS RELATED TO^a^o ATHEROSCLEROSIS 

- • - V-'i . ■-. /Tissue 
' + QaGl^.l M, Trfe-cftrate pH 8-0 (GTC buffer) 
blending, shaking 24 hr + 4% centrifuge, 

Repeat 5 times • v.. . 
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r 



r 



extract: dialyse, 
centrifuge 



residue W polymeric stroma 



supernate; 
CTC extract 



precipitate * 
"crude soluble. ; 
collagen Traction* 9 ' 

(CSC) ; 



wash in . water + TCA 2-7 per cent 

^^^^ ^ 

}. centrifuge; wash 



TCA extract 

Tnainly.jpolymeric 
coUageri 



{urea extract"] 

dialy^e, iyophilise 
CHCi 3 4- MeOH 2 :l 
heat 



1 

Residue 
■+ urea 8 M 
mercaptoethanol 

01 M, 20°, 
24 hr shaking, 
repeat 5 times 
I 

■ , L 



Residue 
; >..; wash, ■ ; 
} elastin ( 



'rr^ 

ether extract 
"bound.lipids , r 
(FL) 



chloroform 

extract, 
evaporate 
+ Petrol ether 



..residue 
elastin like 
peptides (ESD) 



f 



residue 
wash: 
structural 
glycoproteins 



FrlV 

soLHaO, 
40" 



T — — 
Fr 2 : 
•sol. urea i -M . 



Ft 3 : 
insoluble. 



structural glycoproteins 
(SGP) 



W.".?^ ^vent U added as shoWiin the fieU re b» the 7" «h,~.A 

s gn, a conformation cnange-fmll ensoe in the orc^astP,^^5.- 7 ^P** 1 

susceptible to the attack of 'SKS • ^? I^tide bonds would be much more 
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*- ROBERT, B. ROBERT AND A. M. ROBERT 

Table 2. Relation between structure of orcanic solvents and their "EFFicnLvcv M is 

INCREASING THE RATE OF ALKALINE DEGRADATION OF ELASTIN. 100 mg FIBROUS KT.ASTIN WAS IN- 
CUBATED FOR 5 hr WITH 10 ml OF A SOLVENT MIXTURE CONTAINING 20 per cent (v/v) WATER AND 
™ (V/V> ° F ?*?™ 1C PHASE COMPOSED OF INCREASING AMOUNTS OF THE ORGANIC SOLVENT- 

7w S'S^SS^A™ "T?* 0 *^:* 0 AMOU ^P^^HANOL (METHANOL'S ''EFFICXENCY" IS VERYLOW 
DEtSmt^' -TW^i! 11 AT37 , J"* * MO ™ T OF RLASTO, PEPTIDES PRESENT IN THE SUPERNATE ARE 
M^~^5f ft* 10 ™*™ < C "> OF THE ORGANIC SOLVENT IS EXPRESSED AS THE INVERSE OF ITS 
MOLE FRACTION («6o) IN A MIXTURE GIVING 50 PER CENT "SOLUBILIZATION" OF ELASTIN IN THESE 

conditions. (After Kornfeid-PouHain and Robert, 1968) 



Structural 
factor 


Solvent 


Efficiency 
1 * 

€50 — 

nso 


Observation 


l>liimber of CHs 
. residues " ..- 


Aliphalic alcohols 
{sat. normal) 

carbinols 


Ca 2-74 
C a 4-42 
C 4 5-62 
Cs 7*14 

C 2 2 74 
Cg 4-42 
C 4 5-62 


Increases with 
n-CHa- 


Configuration of the 
alky I chain 


Normal and isomeric 
aliph. alcohols 


Cs 4-42 
ICs 5*50 

C< 4*65 
iC 4 4-86 

1 1V_ 4 j 0 1 

IIIC« 6-33 


Higher for branched 
chains than for 
straight chains 


Different polar residues ' 
S > O - OH C - O 

' — N ; : .= - OH • 
heterocycle with . 
IOot 1 Nor 2 0'i 


DMSO 
i. prop. OH 

acetone 
inethylarn 
methanol 
dioxane 
morpholine 


3-25 
6-50 
5-35 


Efficiency decreases 

OH or C = 0>S = 0 

-N=>-OM 

20>N+O 


Ratio of hydrophylic to 
: hydrophobic residues 
additional polar 
groups (r-OH -O-) - 


Benzene 
petrol ether 
etOH 

etixylcne glycol 
pxjop. OH 
. ^jrbpandiol 
glycerol 
prop, OH 
methyl cellosolve 
but! OH 
ethyl cellosolve 


0 
0 

2-74 
. 0 
9-25» 
6 
0 

9-25» 

1'04*» 
11 10* 
2-30* 


Inefficient without 
polar groups - 

efficiency decreases. 
: with number of Ori- 

efficiency decreases , 
with increasing -O— ; 
(•e«) 



BNSDOCID: <XP 981937A_I_> 



MOLECULAR BIOLOGY OF EL A ST IN AS RELATED TO AGING \AND ATHERQSCLEROSI8 343 




Frbetoslin urriti 



Microfibrillor . 
componenl (SGP) 



T*or<jonic solvent 
possessing a 'polar 
(heed) and o polar 
(tail) portion 



Fig. 2. Model showing schematically the structure of elastin fibres. 

The hydrated polar group of these solvents would tend to increase the solvation of 
the peptide chains. Recent studies carried out in collaboration with Prof. Houtman, 
Dr. Medema in Delft and Dn Stack in Bristol using the ^Kiypton-method (Robert 
et al y 1970b) and flow caiorimetry with different organic solvents confirm this general 
view (see Table 3) (Robert et al % 1970b; Stack and Robert, 1970). 

Table 3. Surface area measurements on elastin and related proteins by: (1) measuring the 

ADSORPTION OF ^KRYPTON AND (2) MEASURING THE HEAT OF DESORPTION OF n-BUTANOL IN A FLOW 
COLORIMETER (FROM DATA OBTAINED IN COLLABORATION WITH PROF. HOUTMAN, DR. MEDEMA / DELFT 
AND DR, M. STACK, BRISTOL). BOTH METHODS WERE CALIBRATED ON A STANDARD TiOs SAMPLE* 

(Robert et aL, 1970b; Stack and Robert, 1970) 



Sample 



Appearant surface area m 8 /g 
measured with; 





8S Kr 


n-Butanol 


Polymeric stroma human aorta ." 


2-8 


20 


Elastin, from human aorta, purified by 0-1 N NaOH 


0-8 


0-7 


Elastin, from bovine ligamentum huchae purified by 
giianidine extract. 


1-9 


" . 17 - 


Elastin from bovine ligamentum nuchae, purified by 
autoclaving 


10 . 




Elastin, from bovine ligamentum nuchae purified by 
TCA-extract. 


2-2 


■ ' 3-2 ; 


Elastin from bovine ligamentum nuchae. purified by 
HCOOH extract. 


'4-5 ' 


;• • 19 0 ;r " 


Kappa-elastin . •'. " . 


0-3 


3 -2 ' 


■ Keratine . • 


0-1 


... 14 ' 
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.The surface area of elastin samples was measured protein 
pifeparatibns. When ? 5 Kr was used ^cicordiiig ^ ^^e^prbceb^e^Hescribed by Houtrnan 
and Mederna, the surf ace'^reas obtained varied between 6- 1 m 8 /g for keratin, to 4-5 m 2 /g 
fpr: a forn^^ 1970b). Using flow calorimetry 

'. ; : with «-butanol as a sp!y6nV the- apparent su^e^ heat of 

^orption zs. compared to a standard Tibs sample^ were ^ sbmetimes higher than those 
ob^ed with 85 Kr (5tack ana Robert; 1970}> ; This ts evident also from the values 
obtained %,the;Keratin;;8ample, . whi*.givw!0-l^/g^i **Ki and much higher 
• is probably due to 

^ he : ^ n^butanol arid^-butahol with the peptides than in 

/ ^e case jrf ssKr (Kbmfeld-Poullain and Robert, 1968) (see Fig. 2). Therefore we can 
V the 8 sK r values ate being closer to the^'^1^ surface of these samples than the 

? ya|u^ obtained by fk>\y calorimetry. This method, on the other hand, enables a more 
} , d ?^ ed investigation bf these interactions by varying, the organic solvent and studying 
r : to produced; . 

^ J?^^^fc^* rea ' of elastin as measured by the adsorption of ^Krypton is of the same 
^ • ^ in the native fibrous 

:V ; fj^i*ed after ^e elimination of the freely diffusable components by repeated 

^ ,^^ft^N^' h ' : 1 ^ ; sodium chloride {Robert et al, 1970a). These results suggest that 
K ^M^^^M^y^i^--^ 0 ^^^ t0 sma11 molecules in the arterial wall. Electron- 
■:^^0^0^f'.^ ^tic^bers in normal and pathological aorta also illustrates these views 
f|:(R^afiaj3to 1969; Cox and O'Dell, 1966). 

f SS^fel^^^P^^": 0 ^- * he structure bf elastin arrived at by these procedures is in 
11111^^®^^^^%^ content of aliphatic aminoacids (Gotten ah, 1963 ; Robert 
^S^^K^K^fe©® ^ift^ kelps to explain theVehtropic nature of its elasticity (Robert 
IS^S^iS M^ atter of fact, the preponderance of hydrophobic interactions 
^^^^^^S^^^ 1 ^^^^^-^. water from the inside of the molecular units of the 
I^S^^^^i^^^^e I ^ n units). By traction the conformation of the elastin 
*»effcoxk;c©u^ as it is by the organic solvents, forcing the hydrp- 

, in closer.contact with water. . Water wpuld have to 




■^ i i>^^^^W^^^! ! ^ i ^4- — - 

^^^^^^^MSM^^P:^^- (see Fig. 2). In agreement with this hypothesis, 
l^^s^^^j^^i^^S^t^'of cholesterol to ^Tbw efficiency" organic solvent as 
W^l^lIK^^ Robert, 1968) significantly , increases the- speed of 

^^iS^^^'^^^°^:(!^e'^-^ 1970); Experiments recently carried out 



::?^^ b6 |§t^^ Szigeti at Creteil University tend to substantiate 

^iS^W^Sy^^^^ 1 adrninistered; to rats is partially incorporated into 

■■^^^^^•^i&^^^dkt^.m\t^ in Agreement with histochemicai results 
■■^F^ ! ^^^^P^ i '9^^oa.-<if lipids at the level of elastic fibers in aorta. These 
i^^miny ; yeats tb,tochemists the idea that elastin was a lijpb- 
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NATURE OF THE SUGAR COMPONENTS OF ELASTIN 

It has been known for years, that elastin contains some sugar components (Hall, 1955 ; 
Loewen, 1965; Gotte et tzL, 1964). The qxiality and quantity of the sugar components 
depend tp a great extent on the method used for the purification of elastin. In collabora- 
tion with Dr. Moczar, Dr, Psigctl and Mr. Derouette, we recently rdnv^tigated this 
problem (Robert ei al.\ 1970a) arid Table 4 shows the results of some recent. detenniha- 
tions of the hexose and hexbsamine content of elastins obtained by th^ differeAt pro- 
cedures described in the first section (see Table 1). It can be seen that the jiexose and 



Table 4; Chemical composition of several elastin preparations obtained from beef 
ligamkntum nuchae. From (Robert et aL f 1970a). Values not corrected for moisture and 

ASH CONTENT, ON AN 4 *AIR DRY*** BASIS 



IVIethod of 




P.er cent of dry weight 




. preparatipri* 


Hexoses 


Hexosamines 


Sialic acid . 


OH-proline 


0-1 N NaOH 


/ 0-29 


0-31 


000. 


109 


Formic acid 




0-47- 


000 


089 s 


' TCA ■ 


0-84 


0-50 


0-06 


100 


. Autoclaving 


0-48 


0-47 


000 


0-82 . 


Guanidine-extr.t 


0-83 


0-38 


004 


2-80 



* Formbre details see Table 1. 

f Guanidine-extraction not followed by collagenasc treatment. Hexoses determined by the 
anthron prbcedure, hexosamines according to Elson-Morgan, sialic acid according to Warren and 
OH-proline according to Bergmanri-Loxley. 



hexosamine content of these different elastins is quite low but reproducible, between 
0 4 and 1 per cent- The hydrokyproline values are also near to those reported previously, 
except for the guahidine-extracted preparation which was not treated by collagenasc 
and therefore could contain some collagen. The ratio of glucose^ galactose, notarinose 
and jgluebsamine in these elastins is very similar to that found in structural glyco- 
proteins isolated from arterial ;Wiall (Moczar and Robert, i97Q ; Moczar et al r 1970); 
Therefore we suspected that the siigar component of put ified Elastin or, at least, ipart 
of it may come from the. presence of traces of such glycoproteins. 

We therefore submitted elastin to the same extraction procedure which is used for the 
extraction and purification; of structural glycoproteins of the arterial wall (Moczar and 
Robert, 1970). 9y this procedure which involves repeated extractions with 8 M urea and 
0-1 iVE mercaptoethanol, followed eventually by extraction with 6-1 M.Nz2&0s ^ (Rbbert 
et aL y 1970a), up to '80 per cent of thie sugar components of elastin could be eliminated 
together with only about lp -per cent of the peptide components^ The extracted ^ 
peptides again gave analytical Values close to those 0b^ 

glycoproteins. These results suggest that the major ;part of the sugar components 
present in elastin are dwi to the presence of small amounts of structural glybc*pr#cfos\ 
which were not eliininated during th 

Electron microscopical observations of elastin samples prepared by diffcrerit methods 
(see Table 1 ) carried out in collaboration with Dr* Botiissbu an(l Mile. Fibre hi Toulouse, 
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J T^di^^^ (Robert ei al 7 1970a), in agreement with the 

, (1969). It is interesting to note that the density of the 

; ; [i^c^fii*^ parallel vvith the sugar content of these different 

>^i^st^ are much more microfibrils in the TCA-extxacted 

;:^a&uti ; :t^ elastin sample. Therefore we might tentatively 

v;; id^ components of these purified elastin preparations 

' ^ seen in the electron microscope. 

on the cornea also suggest that structural glycoproteins may 
(Pouliquen et aL. 1970; Robert et aL, 1970c). 
^3S^^^tri^^:rarried ■Wibh embryonic cornea (Robert et aL 7 1969) and rat tail tendon of 




Sfcp£j^^ glycoproteins and the ratio of glycoprotein to fibrillar 

during embyronic development and continues to 
;Iife.- :: ;; Similar findings were reported by Cleary and Jackson on 
f^r^^^^^t^^ftaE^ :- Mcl&e (Cleary _ et -aL, 1967). These results tend to suggest that a 
^^pS^^ play some role in orientation and morphogenesis 

of elastogenesis. These results are in agreement with the 
5 r ^:^ (Ross and Bornstein, 1969; Kadar et aL> 1969; 

et aL, 1966; Waisman et ai t 1969; Cox and O'Delt, 1966), 
^V?-^^^ ; ^^C^^n 'two types of components participating in the early phases of elastogenesis. 
$n£f£^ as small, round amorphous droplets staining with phospho- 

:[ ^ng^c^acid ; the second;- component looks like microfibrillar material. Both of these 
\; ^iiaponents collaborate in some way in order to form the primitive elastic fibres. 
■ |;4^^thbb^h these results as well as some metabolic studies to be mentioned later indicate 
Va jrbie for structural glycoproteins in the early phases of elastogenesis it can by no 
means be inferred that a structural glycoprotein component identified in purified elastin is 
ah/iiitegral molecular component of "polymeric elastin". It can indeed be eliminated by 
methods -which do not rupture covaleiat bonds (other than S—S- bonds) and it may not 
have a prereminent role iii the quaternary structure of adult elastin. This point, howeyier 
Has to be investigated further, 

//"•"Whatieycr the functional significance of this association between structural glyco- 
protein and collagen or elastin may be, the ratio of these components changes with age 
and may be considered as one of the chemical parameters of the aging of connective 
tissue,! 



THE STRUCTU^ GLYCOPROTEINS OF THE ARTERIAL WALL 

Sevetal authors reported the presence of glycoproteins in the arterial wail (Gotte etaL, 
1964 ; Moczar and Robert, 1 970 ; Moczar et aL, 1970 ; Berenson and Fishkin, 1962; Barnes 
and Partridge, 1968). The method we proposed (Fig. 1) enabled us to extract a significant 
portion of these glycoproteins from the polymeric stroma with urea (Moczar and Robert, 
.1.970). Thie nature: of these glycoproteins was investigated in detail in collaboration with 
;DtV.^ 1970; Moczar et aL, 1970). The crude urea 

extrkct of the arterial walTis further purified by the pirocedure outlined in Fig* 1. About 
60: per cent of the total dry weight extracted by urea, are present in the final delipidated 
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residue. This (residue can be ^iided further in 3 .^^SSj^ttf'wIea^d'^*^^ 

SnSnt differed lipid, and phospholipids ^hich can be cons «^ « J^g£> 
of "he arterial wall. The hydrosoluble fraction of the chlorofpmi-methanoL extra* {K>U, 
^1) o^ns peptides and gives an aminoacid analysis similar ta that of cUstm but 

does^ 

1970). 

CHEMICAL COMPOSITION OP A • PURIFIED ^^^TCOPBOTKm rRACTION FROM PIG 

aorta CMoczar and Robert, 1?/ V) 



Table 5. 



Hexoses (orcinol) 
Hexosamines (Elsoh-Morgan) 



OH-Lys 
Lys 
His 
Arg 

OH-pro 

Asp 

Thr 

Ser 

Pro 

Glu 

Gly 

■Ala 

Val 

Cyst 

Met 

i-Leu 

Leii 

Tyr 

phe 



Per cent of dry weight 

2*1 
2-86 

resid ue/1 000 residues 

0-83 
36-6 
13-2 
335 
O 

70-3 
350 
: 33*6 
171-3 
90-4 
124-7 
96-7 
60'6 
0*5 
3-3 

36- 4 
75?2 
29-6 

37- 7 



The chemical composition of the structural glycoproteins purified as deswbcd 
rFi/ lVis Xen in Table 5/ Recent experiments carried, out on th^ glyo^ttd^ 
obSined ly%ZZ digestion of this st^^ 

£Sta revealed a great heterogeneity of the oligosacchande side chams com, 
•S^t^PeptidesVo^ 1970). Every one of *e obgosacchar^ 

Sd by ^filtration folded by high voltage ^P^^^^ 

SdllreSes^ 
-rtdttents^ 

.wonMvantteenic their organ and species specificity (Robert el at, iv»>may °e ™*«w 
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* U ROBERT, S> ROBERT AND A- M- ROBERT 

tk "OF ELASTIN AND OF T 
GLYCOPROTEINS 



TRUCTURAL 



We mentioned al^ observations coneer^injg the 

correlation between the biosynthesis of structurial glycoproteins and of proelastin in the 
early, phases of elastogenesis. In order to gain a better understanding of the process 
of repression of clastin biosynthesis in adult organisms we reinvestigated the incorpora- 
tion of labelled aminoacids arid sugars in aorta proteins using adult rabbits, both normal 
and atherosclerotic (Robert et aL, 1970). Some rabbits received repeated injections of 
structural,: glycoprotein prepared obtained from human or pig aorta, others were 
inj^ted vvith kappa-elastin prepared from the same sources, together with complete 
Freutid's adjuvant. Another group of rabbits were fed with a cholesterol-rich diet and a 
third : group received orily Freund's complete adjuvant. After two months of treatment 
the rabbits were sacrificed and their aortas cut in small pieces and incubated in a Krebs- 
Ringer phosphate medium with 14 C-lysine. The -orta slices were. then washed with an 
excess of cold lysine and three times witfi Krebs-Ringer phosphate and extracted 
according to the schema shown in Fig. 1. All the extracts contained non-dialysable 
vf^oactivity- .-; 

Table; 6, In vitro incorpohation of l4 Chlysine in the polymeric stroma of rabbit aorta. 
The aortas of rabbits, frktreated as inx>xcatbd ? were cut in small slices anj> incubated in a 

KJteBS-RlNGER-PO* TvIEDIUM WITH 5 >tC OF W C-LYSINE. AFTER WASHING THE AORTAS WERE EXTxACTED 
AND FRACTIONATED BY. THE METHOD SHOWN IN FlG. 1 AND THE RADIOACTIVITY OF THE FRACTIONS 
DETERMINED &Y SCINTrLlJ^TION-COUNTING. RESULTS ARE CVHN AS THE AVERAGE OF SEVERAL 

determinations, in dtts/rnin/mg protein (data from Robert et aL % 1970e) 



Radioactivity in fraction* dis/min/mg prot. 



; Pretreatment of the Rabbits 



No. of TCA- SGPf 
rabbits extract (Urea- 

(polymeric soluble 

collagen) fraction) 



ESDJ 



Final§ 
residue 



Freund^s adjuvant : 
Immunized with structural 
glycoproteins of human aorta 
ill Freund^ adjuvant . 
.Cholesterol fed 



4 


393 


4870 


1860 


630 


3 


.538 


2890 


1100 


1770 


3 


393 


2830 


1630 


590 



For: the designation and origin of fractions (see Fig. 1). 
•■"'.-.•t Purified, delipidated urea soluble structural glycoprotein fraction (see Fig. 1)- 

. J Hydrosoluble fraction"; of the chlorofoxm-metVahol-extract, contains an elastin like protein 
(see Fig. 1). 

. . §. Corresponds to elaistin; (see Fig. 1). . 

Table 6 shows the distribution of radioactivity in several fractions. The diflfasablc 
and -calcium chloride extractable fraction contain . a considerable specific activity (noc 
shown in Table 6). The polymeric stroma also contains a significant amount ofthe label. 
The trichloracetic add extract containing mainly the polymeric collagen contains about 
400-W dis/mm/mg • proteins. The structural glycoprotein fraction (purified urea 
extract) contains a significantly higher radioactivity up to several thousand dis/min/mg. 
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The final residue (elastln) contains also some radioactivity (^ 600-1800 dis/min/rng). 
The activity of tht^^ } irabbit ao rtas which 

have been severdy attac&e^ 

The urea- exUact in these ^perimente to, the flowsheet 

shown in Fig. 1, and the dbta shown in Table 6 ^ 

purified fractions. A small fraction of the total radioactiyi^ un- 
identified form in the petrol-etlier soluble lipid extractv;(E^ Fig. I). The 
water solvible fraction of the &loro^ Retract j^SD^racrtion) containing 
peptides with an aminoacid composition siinilar to that of hoh-crc^MiTiked elastin have a 
significantly higher label than :the;pplymeric elastin fractioh. ! Alth^ 
cance of these findings is as yet unknown, it might suggest the possibility : of a partial 
neosynthesis of elastin at least-in sortie of the more sever^j^ 

3 different forms (water soluble* urea soluble, insoIU&e^^ structural 
glycoprotein fractions ^ contein , nearly identical -specific attiylties (only the urea soluble 
is shown in Table. 6). This identity of te^ 3 
physicocherhically distinct fotros ^differ only in the degree of cross-linking and are 
syntiietized from^the same ppol of precursors. Further studies are irv; hand in our 
. laboratory in order to establish the exact nature of the labelled products present in these 
elastin preparations and their relation to a possible derepression of elastin neosynthesis 
in atherosclerotic aortas. 

IMMUNOCHEMICAL PROPERTIES OF ELASTIN 

Some years ago vye demonstrated that kappa-elastin obtained by alcoholic potassium 
hydroxide hydrolysis of fibrous elastin was antigenic in rabbits (Robert rf al. % 1963) v We 
, also showed in collaboration with iDr . Stein and Drs, Croxizet a^ normal as 

well as pathological human sera contain antibodies reactirig- yvi th red celb coated with 
such soluble elastin preparations (&^ 

We found a correlation b^twe^ the pathological state of the patiehts and the titer 
of their anti-elastin an^^ interpreted;^ ^^immunological 

theory of athero^fcierpsis: arer/dteocibed in more . detaiK^ et al. f 1968 ; 

Robert eial.y 1 9 66); It was ^ iht^resting td notice in thes<*^ anti r elastin anti- 

bodies appeared Only at a certatiri age ( ~> 20) and decrease again to very low levels after 
70 to 80 yeare of age (Stein et\al^ l965) : V* • \y 

Figure 3 reproduced from .curlpaper in Nature fehows this age dependence of the anti- 
clastin antibodies determined /in Jiu man sera. Using the; : indirect Coons technic, it aliso 




PlG; 3. Antt-eiaatixv antibodies in human sera as a function of the.age of the.donor (from Stein 
Nature, 1965). Ordinates: number of individuals, (in per : ccifit;bC tbtal) : hav^ 

:■. tit^with. elastin higher than . 
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could he ddfabnstratlRhat gamma-globulins were prese^fei atherosclerotic lesions of 
humah: aorta at the level of degrading elastic fibers. Figure 4 shows such a section 
obtained from an advancing^ ^ htimah atherbsclerofic lesion. It can be seen that the 
rhpdamine stained anti-human gamma-globulin localizes just at the level of the dis- 
sociating, de^adingela^c -fibers. 

Iil agreement with thes6 rdsults> atherosderotifc lesions could be produced in rabbits 
by prolonged immunization with soluble elastin peptides (kappa-elastin) prepared from 
human or pig aorta elastin and ilso with the structural glycoprotein component of the 
aorta (Robert et aL; 1968 : ; Robert et dL, 1966 ; Robert and Robert, 1969). Figure 5 shows 
: such a lesion obtained by treating rabbits for 4 months with kappa-elastin preparations. 
;Th< histological and electronmicroscbpic : studiie^ of thrae aoms carried out by E>r: 
Grosgogeati Dr. Reverdi afvd their colleagues, revealed a very strong degradation of the 
elastic fibers starting with; the lamina elastica interna and proceeding to the media 

; Tlfese experimental ^ r^ults tend to substantiate the immunological hypothesis 
proposed several years ago and which is shown in some detail in Fig. 6. The experimental 
evidence cdnfirming ; most of the phases of this scliema were recently summarized 
(Robert and yRobert, 1909); 




Fig/ 6. Figure showing the successive steps of the immunological hypothesis of atherosclerosis 

"7 (from Robert et <d;y 1966), 

No.*:3:^ 

NoV: 2 liberation of. soluble peptides from the polymeric stroma. 
No v 3: formation of auto-an^ 

No, 4; fixation of antibodies in the eroded lesion, on the damaged elastic fibres. 
No. 5 :. • progression of the erosion by complement fixation, further clastase action due to antigen 
. antibody triggered, liberation of platelet enzymes; lipid arid calcium deposition; 

Experiments carried put in collaboration with Dr* Caen and Legrand showed at least 
one "possibility for the initi?i>phase of degradation of elastic fibers. We could isolate from 
human blood platelets ^ attacks elastin quite efficiendy (Robert et al. f 

1969). Using 125-iodine for 131-iodme labelled elastin yve could show that this elastolytic 
prptease is released froni: blood platelets in the presence of collagen, ADP, or adrenaline 
(Robert etal, 1970f ; I^r^d and Robert, 1970). It can be even more efficiently extracted 
by spnibatiori or by/treating human blood platelets with Triton-X-100. The elastplytic 
prptease could be purified from such a Tiiion extract and separated from the main 
cathepsin fraction (Legrand and Robert, 0000).; The presence of this enzyme in blood 
^iatfclets suggests that; they may be involved in the degradation of the elastic tissue in 
abrta by a procedure different from that suggested by the classical thrombogeriic theory. 
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Fig. 4. Demonstration by immunofluorescence of the presence of gammaglobulins in athero- 
sclerotic lesions of human aorta. At the arrow rhodamine labelled anti-human gamma-globulin 
(goat-serum) fixed at degrading elastic fibres (Robert and Robert, 1969- and inedit results). 



Fig. 5. 
elastin 




Severe atheromatous lesions obtained in rabbits after 6 .months treatment with kappa- 
prepared from human aorta in complete Freund adjuvant (Robert et di.^ 1968; Robert arid 

Robert, 1969 and incdit results). 



(facing p. jso> 
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This platelet enzyme could be "injected" directly in the vessel wall by adhering platelet^ 
or it coyld be released slowly in blood plasma and accotujtin part at least for the presence 
of elastolytic protease described many years ago by Hall (1966), by Loeyren (1963, 1969) 
and by Rinderknecht et aL (1968) in: human blood : senim. Further experiments are 
needed to confirm the role of this elastolytic platelet protease in the degradation of elastic 
tissue arid of the role of serum feiastase inhibitors on the action of this protease. • 

CONCLUSIONS 

Experiments carried out over the last years in several laboratories lead to the follow- 
ing picture of elastogenesis (Fig. 7). At the early embryonic stages of elastogenesis, 
fibroblasts or other more differentiated cells such as smooth muscle cells synthetize 
both a proelastin (or tropoelastin) probably similar to that recently isolated by Sandberg, 
et al. (1969), and structural giycoprotein (Robert et al y 1965 ; Moczar and Robert, 1 970). 



Young elosfic Moture onefold" 

. fiber ■-. elastic K ber 




Fig., 7. Schematic drawing showing the successive steps of elastogenesis and "aging** of elastic 

" fibers.' V" ' 

This first appears under the electronmicroscopie as amorphous droplets and the second 
as a microfibrillar material. These two structures cooperate in an as yet un-und^rstOod ;•; 
manner to fomi the primitive elastic fibrils. With maturation and ^ aging; the glyco- 
proteiri coii^pohent significantly decreases and eventiiilly disapB^ 5 ^- Adult elastic 
fibers ysrduld then resemble the structures proposed by Partridge arid ourselves and 
would contain the original tropoelastin units cross-linked by the desmosini, iso- 
desmosine, lysinorleucine ;and other less well identified ^ ctbiss-linkm^ amiooacids 
(Partridge; 1969; Robert, 1970) (see Fig. 2). The tertiary and quaternary structure of 
these elastic fibers woixldr jdepcnd to a great extent on hydi^op^ 
(Kornfeld-Poullam and RoberV 1968). The preseft^yitf 
would have a denaturing effect, decreasing the ovCTaU 6^ 

elastic network (see Fig. 2). This mechanism may explain in part, ^t least, the deleterious 
effect of lipid aic^umulation in Ae arteri^ wall. ; " V 
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The age dependent modifications not Very well understood. 

Some of the data accumulated through the work of several investigators were already 
reviewed here by Hall ;(1968). Our recent work addis to these mechanisms at least-- one: 
the ixnmundc^ by which ahti-elastin imd other antibodies could 

contribute to a localized and accelerated degradation of the clastic fibers. This effect of 
the anti-elastin antibodies could be achieved through different mechanisms. One of them 
would be the fixation of complement and the activation of complement dependent de~. 
grading enzymes partially originating from the.lysosomes. Another mechanism would 
be the facilitation of platelet clumping through the formation of antigen-antibody 
complexes. ^^Platidet^^couid-theii. release a protease, described recently, which is capable 
of attacking elastic fibres (Robert et aL 9 1969). Through such a mechanism a localized 
degradation of elastin could be obtained- similar to that seen in pathological athero- 
iscletotic lesions. This mechanism would alsa be in agreement with the immunological 
theory of aging pirop6sed : by Walford (1969). 

Our recent experiments on 14 C-lysine incorporation in elastin and structural glyco- 
proteins of aorta suggest that a derepression of elastin biosynthesis would be possible at 
least in pathological conditions. When the mechanism of the repression is better under- 
stood, it should be possible to induce a neosynthesis of normal elastic fibers through the 
action of some therapeutic agents. 
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Summary — The authors consider in some detail thfe structure of elastin at the 
molecular level as related to its normal function and to the modifications accompanv- 
..ing aging and atherosclerosis. 
(l)Thd peculiar pkysicachemieal properties of elastm dm be ^ best explained by 
assuming the pi^^ence of hydrophobic intt^ 

of its tertiary and quaternary structure. Detailed investigation of the acccJeration 
\ of alkalin hydrolysis of eilastin by a variety of organic solvems corifnras this* as- 
sumption (KotrfeW-Pbullam and Robert, 1968). It is postulated that Upidic 
substances do share iwith organic solvents their ^affinity .awf oiay 

accelerate its "unfolding" and degradation through such "dena^ring" effect. 
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. Eiastin surface are ^fceurements with 86 Kr and by flow calflfcetry confirmed 
the direct accc$sibul^6f eiastin in native stroma of aorta ^Krnall molecules 
(Robert aL, 1970b ; Stack and Robert, 1970). 

(2) The study of the sugar components of eiastin suggested the presence of structural 
glycoproteins (SGP) as "imptiri tics'* in all purified eiastin samples investigated. 
These SGP-components arc very probably identical with the "microfibrils" seen 
on electron-micrograms of eiastin. 

(3) In intra incorporation of t4 C-lysine were carried Out in aortas of rabbits immunized 
with purified eiastin and SGP or fed on cholesterol rich diet. A strong; labelling of 
the SGP-fraction was obtained and a significant labelling of the polymeric collagen 
and eiastin fractions also. Incorporation. was higher in strongly atheromatous 
.aortas. It is concluded that at least a partial "derepression" of eiastin synthesis 
may occur in such conditions* 

(4) The antigenic properties of eiastin can be ascribed also to the presence of both 
components, polymerized pro- or tropoelastin and SGP-s (microfibrils)- The 
presence of anti-elastin antibodies in human sera was described (Stein et aL> 1 965 
Crouzet et aL; 1970). These antibodies appear at about 20 yr of age and decrease 
or disappear at 70^80 yr. The lower titres found in severely atheromatous sera 

. was ascribed to the adsprbtion of these antibodies to degrading clastic fibers in 
the aorta and elsewhere. Arguments in favor of our immunological theory of 
atheromatosis are discussed (see Fig. 6) in the light of recent experiments. Such 
recent findings are the production of atheromatosis in rabbits immunized with 
eiastin or aorta SGP-pr^parations and the isolation of a platelet protease capable, 
of attacking eiastin (Robert et al. t 1969). 

Resume— Les auteurs etudient la structure de Telastine £ rechelle rnoleoilaire pour 
degagef ies rapports entre celle-ci et sa function normale d'une part et scs modifica- 
tions produites par I'&gc'et par des conditions pathqlogiques d'autre part. 

(1) Les proprietes physicochimiques particulieres de I'elastine peuvent €tre le mieux 
expliqu^es par Texistence de fortes interactions hydrophobes stabilisant la 
structure tertiaire et quatemaire. L J etude dctaill£e 'de V acceleration de 
rhydrolyse alcaline de Telastine par certains solvents organiques a confirme ces 
vues (Kornfeld-Poullain and Robert, 1968). Un effet "destabilisant" analogue 
pourrait fitre obtenu par F accumulation des lipides dans le tissu elastique qui 
pourrait & Vinstar des solvents organiques, accSlerer la degradation de Telastine. 
Des mesures dc la surface de I'elastine purifiee et du stroma natif 4 Paide du 85 Kx 
et par rrdcrocaibrimetrie a flux con tin u ont confirme Taccessibilite directe de . 
reiastine au seine du tissu elastique & des petites molecules (RoberteJ<a/ M 1970b; 
Stack and Robert, 1970); 

(2) L'etude de la nature des. composes glucidiqucs dc Pel as tine ont sugg£re la 
presence de Glycoproteines de Structure (GPS) comme M impuretes M dans tous 
les echahtillons d'eiastine purified qui'.ont ete* examines. Ces composants GPS 
paraissent Stre identiques avec les "microfibrilles'' detectees par rnicroscopie 
electronique dans ccs memes echantillons. 

(3) L'etude de Pincorporation de la iysine- 14 C dans les aortcs de lapins immunises 
avec Feiastine ou avec les GPS, du nourris sur un regime riche en cholesterol a* 
r^vele un tres fort marquage du collagene et de Feiastine polymeriques. Cctte 
incorporation a 6t6 plus forte dans les aortes porteuses de lesions etendues. Une 
"derepression" par del le de la synthese de i'elastine parait done probable dans ces . 
conditions. . 

(4) Les proprietes ahtigeniqucs de i'elastine peuvent en principe £tre attribuees aux 
deux composant$.d6celes: lapro- ou tropoeiasrine et les GPS ou "microfibrilles- \ - 
La presence d'anttcorps antielastine dans le serum humain a ete signaiee (Stein 

. et al. % 1965 ; Crouzct et aL, 1970). Ces anticorps apparaissent vers Pslge de 20 ans 
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et disparaissent vers 70-80 ans. Les titres plus faibles des scrums de malades 
^th^rosctereux peuvent fetre attribu£s 4 radsdrpUon des anticprps sur les fibres 
£Iastiques d£grad£es dans la paroi artirieJIe. Les arguments en fayeur de notre 
th^orie irnmunologique de rath^roscl^rose sent discut&i (voir Fig. 6) A, la 
lumiere dc r^sultats recents. De tela resultats sont: la production d 'atheroma to* c 
cher les lapins immunises avee I^Iastine ou avee les GPS de Taortc ainsi que 
I'isolement a partir de plaquettes humaines d'une protease capable d'attaquer 
I'elastinc (Robert et al\ % 1969). 

Zusammenfassung- Die Verfasaer betrachten die Einzelheiten der rriolekularen 
Struktur des Elastins in Beziehung zu der normalen Funktion und zu Modtfikationen, . 
welche mit AJtern und Atherdsklerose zusammenhangen, 

(1) Die besonderen pkysikalisch-chemischen Eigenschaften des Elastins kdnnen am 
besten mit der Annahme erklart werden, daB die zahlreichen hydrophoben 
Wechselwirkungen die wesentlichen Stabilisation skriftc der Tertiar- und 
Quariarstruktur darstellen. Eihgehende Untersuchungen der Beschleunigung 
der alkalischen Hydrolyse von El as tin durch vcrschiedene organische L6sungs- 
mittel bestMtigen diese Annahme (Kornfeld-Poullain and Robert^ 1968). Es wird 
postultert, daB LipidstofTe mit den organischen LOsUngsmitteln ihre Affinitat fur 
Elastin tcilen und das "Entfalten ,, und den Abbau durch eincn solchen M Dcr 
naturierungseffekt 0 beschJeunigen. Messungen dex Elastin oberflache mit g5 Kr 
und durch FIuB-Kaiorimetrie bestatigten die direkte Zuganglichkeit des Elastins 
im hativen Stroma der Aorta fur kleine Molekulc (Robert et at. y 1 970b : Stack and 
Robert, 1970). 

(2) Die Untersuchung der Kohlenhydratkomponcntcn des Elastins wics auf die 
Gegenwart von Struktur^Glykoprotein (SGP) als r 'Verunreinigung" in alien 

: gereinigten Elastinpraparaten hin. Diese SGP-Kdmponentcn sind \vharschein~ 
iich mit den "Mikrofibrillen" identisch, welche man auf elektronenoptwchrn 
Biidern des Elastins sieht, 

(3) In~vitro-Einbausludien von **C-Lysin in Aorten von Kaninchcn, welche mit 
gereinigtcm Elastin und SGP immunisiert waren oder choleaterinreich ernahrt 
waren, wurden durchgefuhrt. Die SG^~Fraktion wurdc stark markiert, einc 
betrachtliche Markierung fand sich auch im polymeren Koliagen und in Elastin- 
fraktionen. Der Einbau war bei stark atheromatftsen Aorten htther. Es xvird 
geschlossen, daB unter solchen Bedingungen wenigstens teilweise einc "Derc- 
jjression" der Eiastinsynthesc auftritt. 

(4) Die AntigeneigenschafUn des Elastins k6nnen auch der Gcgemwt von beidea 
Kompbnenten, polymerisicrtern Pro- oder Tropoelastin und SGP-s (Mikro- 
Sbrillen), zugeschrieben werden. Anti-Elastin-AntikSrper immensch lichen 
Serum wurden beschrieben (Stein et aL, 1965; Crouzet et aL, 1970). Diese 
Antikorper erschemcn im Alter von etwa 20 Jahrcn und nchrnen ab oder vtrsch- 
winden vQUig im Alter voti 70-80 Jahren. Die erniedngten Titer bei hochathero- 
fnatoscn Sera wurde der Adsorption dieser Antikdrper an aich abbauende 
Elastznfascrn in Aorta und anderen Stcllen y.ugeordoet. Argumentc, welche 
unsere immunologische Theorie der Atheromatose untersttitzen, werden im 
Lichte neuer Untersuchungen diskutiert (siehe Abb; 6). Neue Befunde sind dic 
Erzeugurig einer Adlerornatose bei Kaninchen, welche mit Elastin oder Aortcn- 
SGP-Praparaten immunisiert wurdcu, und die Isolierung ciner Thrombozyien- 
elastase, welche Elastin angreift (Robert et aL, 1968). 

PeatoMe— AaTopw o6cy>maioT AeTa/iw«> crpyirrypy jnacTMna na MO^evy^apHOM ypome «o 

OTHOUJeKHK) K ero HOpMa^bHOtt 4>yHKUHV K K HlMenCJDWM, COnpO»OTOCflK>OXHM CTBDCiatt if 

arepocKJiepOT. ■ " 
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■ ■ Tma^DK !K>3fleWcTBHM pa3Ji.iWRMX' ojsranHMecKHX pacTBOPHTenefl, (Jvornfcld-Polla^p 

' « aerbaiiauKK) 6jiaroAap* raicoMy fleflcTBino "fleHaTypaiWH' . HsMepcuxsi nosepxH 

efetwm noaxOflMocn, mhxpompjickv* k 3JiacTWiiy. B.MaTWBHoB crpoMe aopru (Robert 

U al,, \ 970b; Stack and Robert, 1970); 
r7VMr C ncnoBaHKe caxapubtx KOMnouexmos ssacmma yionwBSUio H a npHcyxcrBKe bo bccx 
^"ISSSSx^Uhmx o6pa3«a* ajiacTHHa -^^J^rr^ 

rrrm b KaMecfBC^aarpHMeHHH';. 3th KOMnoneirrtt CITI no b«» BepoaTHOCTH to* 

S^rr^MRKpoWp^«-H" OfiHapJOKHBaiOTCJI B MB.TpO.HUX 

MMXporpawax onacTHna. 
C3) M -C-^««« an w Vo t.poBO^noCB B aoprax ^"^l^X^oT^S 

cum-HO aTcpoMaTon*,^ aoprax.; flenaerca aawi^emte, . mto " P h 3twc ycnoBnax 
■ npOMCxoiurr no jcjjattHeft Mepc iacrMMHas "jje-pcnpeccrwi cniiTcia 3/tacTMHa. . 

noHCJiTOB- nbjm>icp«3HpoBaHnoMy hpo- t«m Tpono-^acrHHy « v,m <Mmcpo*wop* 

. ^ ^^L,.l9&^o^e t aL, 1970). ^.a™^^ ig** 
^HtejibHO b B03pacre 20 just m cmracaioTC* kjih HcneaawTK 70-80 ronaM. Hhskkc 
^ b *uu,«o axepoMaroBHHx c^poTKax. i*™^™^ 

Scopoa«H« 3^Ta«THTen K nerp^py^HMC ^^^J^^,!, ££* M " 
b ApyU Mecrax . ApryMCfrru b nojwjy HaiueR HMMyHonoraHecKO^ 
atoTrcM pkc.6) oocy^aioTCH b cbctc hobmx oKCoepHMeRTOB, K taxKM hc^hm 

•STSSmw. W npenaparaMB Cfn B3 ao P r« « t P om6o«ktho« 
npoiwasM, cnocooHoft Hananaxi. iia anacTHH (Robert et al., lVW)- 
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